Enzymatic glucosylation of racemic phenylephrine by glucosyltransferase from Nicotiana tabacum gave (R)-phenylephrine glucoside and recovered (S)-phenylephrine. [RuCl 2 (p-cymene)] 2 complex associated with simple hemisalen ligands or zeolite were able to racemize (S)-phenylephrine. The [RuCl 2 (pcymene)] 2 /Ligand/TEMPO or zeolite racemization was associated with the enantioselective glycosylation of racemic phenylephrine with glucosyltransferase. The (R)-stereoselective glucosylation of (RS)-phenylephrine occurred to produce a high yield of (R)-phenylephrine glucoside in high yield.
Glycosylation by biocatalysts such as glucosyltransferase has attracted pharmaceutical attention, because the glycosylation of bioactive compounds can enhance their water-solubility, physicochemical stability, intestinal absorption, and biological halflife, and improve their bio-and pharmacological properties. In addition, a one-step enzymatic glycosylation is more convenient than chemical glycosylation, which requires tedious steps such as protection and deprotection of the hydroxy groups of the sugar moieties [1] [2] [3] [4] [5] [6] . To date, little attention has been paid to the stereoselectivity of enzymatic glycosylations. Matsumura reported the R-enantioselective glucosylation of secondary alcohols by -galactosidase [7] . For example, the yield of glucoside from optically active levorotary alcohol by optical resolution of racemic substrate is up to 50%. The dextrorotary enantiomer alcohol remains as the recovered substrate. To overcome such shortcomings of optical resolution, metal complex or zeolite catalyst that allows the racemization of the remaining substrate is of use.
(R)-Phenylephrine, which is an adrenergic drug, is an optically active agent. Here, we report the resolution of racemic phenylephrine by combination of the enzymatic glucosylation of racemic substrate with plant glucosyltransferase from Nicotiana tabacum and the racemization of recovered substrate with [RuCl 2 (pcymene)] 2 /Ligand/TEMPO or zeolite to prepare (R)-phenylephrine glucoside.
The crude enzyme extract from cultured N. tabacum cells was purified by three-step column chromatography using a REACTIVE GREEN 19 agarose gel column, a Sephadex G-200 column, and a diethylaminoethyl-Toyopearl column. First, (RS)-phenylephrine (1) (50 M) (Figure 1 ) was administered to 0.5 mL of 50 mM potassium phosphate buffer (pH 7.2) containing 100 M UDP- glucose and 0.3 mL of enzyme solution. The reaction mixture was incubated at 30°C for 1 h. The yields of the product glucosides were determined by HPLC analyses. The product was purified by chromatography with Diaion HP-20 column and HPLC with Puresil C18 column. The stereoselectivity of the glucosylation reaction with the enzyme was examined. The glucosylation product was hydrolyzed by -glucosidase to produce phenylephrine. The absolute configurations of the aglycone moiety of the glucosylation product were confirmed by chiral HPLC analyses of the aglycone phenylephrine. The diastereomeric compositions of the products were determined based on the intensities of the anomeric proton signals in the 1 H NMR spectra. The enzyme converted (RS)-phenylephrine to its glucoside product, the sugar moiety which was attached at the secondary hydroxy group. The phenolic hydroxy group was never glucosylated by the glucosyltransferase from the N. tabacum. The chemo-and regioselective glucosylation of the secondary hydroxy group by the enzyme was found. The chemical structure of the product was determined to be (R)-phenylephrine -D-glucoside (2) (Figure 1 ). Its enantiomeric composition at aglycone moiety was 89% e.e. 
to be used to carry out for secondary alcohols with satisfactory efficiency. The conversions produced high yields. The production of ketone likely originated in the oxido-reduction process between the secondary alcohol and the corresponding ketone, required for the racemization reaction. The racemic phenylephrine obtained was then subjected to the second glucosylation with glucosyltransferase from N. tabacum. The enzymatic glucosylation was performed as described above. The total yield of 2 was 72% yield with 84% e.e. of enantiomeric composition at its aglycone moiety. The recovered (S)-phenylephrine was also subjected to racemization using zeolite, which can racemize secondary alcohols. The total yield was 70% yield with 81% e.e. for 2 obtained after the second enzymatic glucosylation.
The dynamic kinetic resolution has been developed as a very efficient method for the production of optically active compounds. As this process can be considered as atom economic, and combines two different reactions, it will be recognized to integrate some basic principles of green chemistry. The results of this experiment indicate that the plant enzyme can discriminate the absolute configuration, at the chiral center adjacent to the glucosylation part, of the aglycones of racemic phenylephrine. Earlier, enantioselective glucosylation of (±)-abscisic acid to (+)-abscisic acid glucosyl ester by Arabidopsis glucosyltransferase was reported [8] . The Arabidopsis enzyme discriminated the absolute configuration at the chiral center apart from the glucosylation part of the substrates. The racemization of recovered substrate with [RuCl 2 (p-cymene)] 2 / Ligand/TEMPO and zeolite was useful for preparation of (R)-phenylephrine -D-glucoside with a higher yield. Further studies on the optical resolution with glucosylation by plant enzyme using various drugs as substrates are now in progress.
Experimental

General:
The NMR spectra were recorded using a JNM-ECS400 spectrometer in CD 3 OD or dimethyl sulfoxide (DMSO)-d 6 solutions, and the chemical shifts were expressed in δ (ppm) with reference to TMS. The FABMS spectra were measured using a JMS-700 MStation in CH 3 OH solution. HPLC analyses were carried out with Puresil C18 column (Waters) using MeOH:H 2 O (1:3, v/v) as a solvent (detect, UV 280 ; flow rate, 1 mL min -1 ).
Enzyme preparation:
Homogenates of cultured cells of N. tabacum in 100 mM HEPES buffer (pH7.0) were centrifuged at 10,000 g for 30 min to give a cell free extract, which itself was centrifuged at 100,000 g for 2 h to give a microsomal enzyme fraction as the precipitation. After solubilization of the enzymes from the microsomal fraction with 0.1% Triton X-100, purification of the solubilized enzymes by chromatographies on a REACTIVE GREEN 19 agarose gel column, a Sephadex G-200 column, and then a diethylaminoethyl-Toyopearl column gave homogeneous glucosyltransferase as judged by SDS-PAGE.
Glycosylation procedure and product identification: Glycosylation reactions were performed at 30°C for 60 min in 0.5 mL 50 mM potassium phosphate buffer (pH 7.2) supplemented with 50 M substrate, 100 M UDP-glucose, and 0.3 mL of enzyme solution.
The medium was applied to Diaion HP-20 (1 g), washed with water, and eluted with methanol. The substrates and glucosylated products in the methanol layer were separated using Puresil C18 column. The UV-visible detector was set at 280 nm. The structure of the product, which was produced by glycosylation of (RS)-phenylephrine, was determined by FABMS and nucleic magnetic resonance spectroscopic method. The intensities of the pair of anomeric proton signals in the 1 H NMR spectra were used for the determination of the diastereomeric excesses of phenylephrine -Dglucoside.
Racemization of recovered (S)-phenylephrine:
Racemization was carried out under an argon atmosphere at 70°C for 24 h. To a tube was added (S)-phenylephrine, 2.5 mol% of [RuCl 2 (p-cymene)] 2 , 5 mol% of ligand, and TEMPO in 3 mL of toluene under an argon atmosphere. After dilution of the samples with diethyl ether, samples were washed with a saturated solution of NH 4 Cl, and filtered on silica. Racemization of (S)-phenylephrine was also carried out with zeolite as a catalyst. The substrate racemized smoothly in the presence of imidazolium salts or n-hexane.
